In rabbits, even when the intraluminal pressure of the isolated small intestine is kept as low as zero, there are to be seen rhythmic contractions of the longitudinal muscle layer, the so-called pendular movements. This is also, the case in the guinea-pig small intestine, when the intestinal loop is very fresh and kept in a good condition. Except for these cases the isolated loop of the small intestine of this animal is, however, usually quiescent. In these cases, with increase of the pressure the excitability of the loop gradually rises,.
until it culminates to produce pulsations at the oral end of the loop, which propagate anally as descending waves. The mechanism underlying the phenomena was discussed in our paper published recently17). In short, the coordination of the contractions both in.
their strength and direction may be attributed to the mucosal intrinsic reflex,.
resulting in the gradient of excitability of the muscle in such a way that the more orally the region of the loop is situated, the higher the excitability of the muscle becomes.
The electrical phenomena accompanied with a rise of excitability have not been studied. This study seems to us to shed some light upon the problem.
concerned with the genesis of the so-called slow waves1, 2, 5, 6, 11, 16, 20, 21, 22, 23) , since the waves have been presumed to be correlated with the change of excitability of the smooth muscle.
METHODS
Guinea pigs weighing between 300 to 800g were used as experimental animals. The abdominal cavity of the animal was opened under the local anesthesia with 1% cocaine solution.
Two or three loops each 2 to 3cm in length were removed from the upper part of the jejunum successively with time interval of about 60 minutes, within. which an experiment was finished. From the micro-pipettes made, only those which had an electrical resistance ranging from 20 to 50 MQ were selected as recording electrodes. In order to use the electrode mentioned above as floating one the silver wire was then connected to a spiral spring made of a tungsten wire (T) 1 mil thick and about 20cm long, wire being in turn connected to an input terminal of the probe P of DC amplifier (Nihon-Kohden, MZ-3A).
The probe was held on micromanipulator manipulation of which enabled one to bring the electrode to the desired position.
The DC amplifier was connected with dual beam oscilloscope (Nihon-Kohden, Type VC-7) and pen recorder (Nihon-Kohden, Type WI-180, frequency characteristic of pen: 50c/sec). The silver wire 0.5mm thick which was coated with AgCl was used as an indifferent electrode (E2), being connected to another input terminal of the probe.
In most cases chymotrypsin was added in a concentration of 0.05 mg/ml to the bath solution which was replaced with fresh TYRODE solution about 10 minutes later. Since in such preparations as described above the serosa was digested in some degree, the electrode tip much more smoothly entered through the serosa into muscle cell.
The artifacts due to the dislogement of the electrode were almost completely avoided by using the floating electrode described above.
Drugs used were acetylcholine chloride (Daiichi Seiyaku), nicotine bitartrate (Katayama Kagaku) and atropine sulfate (Merck). They were dissolved in the distilled water, care being taken not to add more than 0.5ml of these solutions to eliminate the. effect of dilution of the TYRODE solution.
RESULTS
Only such loops that were practically motionless when their intraluminal pressure were as low as zero, were utilized for experiments. When the pres sure in these loops was raised steadily as high as or a little higher than 20mm H2O with a rate of 7-15mm H2O per sec, there were invariably produced pulsations at the oral end of the loop, to propagate anally.
The cyclic change of the electrical activity. In the course of these mechanical events the electrical activity, which was detected at the oral end of the loop, changed as follows:
It was firstly assured that the electrode was in the muscle cell. The usual criterion was a sudden and stable potential drop estimated at 32-52 mV (resting membrane potential). Then with increase of the intraluminal pressure the resting membrane potential was gradually decreased, being accompanied with minute oscillations as shown in FIG. 2 . When the depolarization nearly attained a firing level, 7-15 mV, the minute oscillations were occasionally summed up to become the waves such that could be referred to as slow waves (FIG. 2S and FIG. 10BS ), period being variable and ranging 0.5-2.0 seconds in interval.
In addition, the slow waves were not accompanied with contractions, and this fact suggested that the initiation of the spike was necessary to cause muscle to contract.
As soon as such wave-like depolarization as above described attained the firing level, a spike was initiated.
At this moment the pressure-raising was stopped and then the pressure was maintained at the same level for a while AND During this period the slow waves superimposed with a spike were recurrently produced with a short time interval. The details of the aspects of slow waves and spikes were as follows As shown in FIGS. 3 and 4, the depolarization at first slowly and then rapidly increased (prepotential PP), until it attained a firing level (FL), where the membrane potential abruptly fell by 30-40mV and rose again a moment later (spike SP). The spike was successively followed by the initial after-hyperpolarization (IAHP) and the late after-depolarization (LADP), in the course of the latter a small hump being OF INTESTINAL MUSCLE 75 formed. The hump was then followed by repolarization, which under-shooted a little beyond the resting membrane potential (RP), and could be called the delayed after-hyperpolarization (DAHP). A moment later the repolarization turned to the depolarization, prepotential, which attained the firing level to produce a spike similar to that described above. In addition, the duration of spikes was estimated at about 15 msec. The events described above showed regular changes with the lapse of time, even though the pressure was maintained constant:
Both the interval of spikes and the half duration of the prepotential which represented the rate of rise: in the prepotential, were successively at first shortened and then prolonged as, shown in FIGS. 2, 3 and 5. The DAHP was also at first decreased and then increased successively, whereas IAHP was continually decreased (FIGS . 2, 3, and 5). It was worthy to note that the DAHP was always maintained at a higher level than the resting membrane potential observed when the intestine was quiescent (FIGS. 2 and 3) .
The amplitude or the height of the hump (3 in FIG. 4) of LADPs was at first increased and then reduced successively, as shown in FIGS. 3 and 5. And it was noted that the firing level, the amplitude of the spikes and the half duration of the LADP were maintained fairly constant.
In addition, the shortening of the time interval of spikes was attributable to the decrease of both . rate of rise in the prepotential and the DAHP.
When the pressure was gradually lowered to zero, the following sequence& occurred successively:
1) Spikes were instantaneously abolished, 2) slow waves fell into decay until they gave place to irregular minute oscillations, and lastly,.
3) the resting membrane potential was restored.
Relationship of the intraluminal
pressure with the number of spikes. a) With increase of the pressure, spike potentials were, in some cases, steadily shortened in their time interval, the rise of PP became steeper and both the amplitude and duration of LADP were increased, whereas DAHP became shallower, as shown in FIG. 6 . b) In other cases in which the pressure-raising could rhythmically produce powerful contractions, a burst of spikes appeared in the phase of LADP, and the higher the pressure, the more the spikes were produced (FIG. 7) . In these; being to be solved. In addition, the increase in the number of spikes contained in a burst brought about an increase in both the amplitude and duration of the contraction (FIG. 8). 3) The electrical activities observed under unfavorable conditions.
When As shown in the figure, when the intraluminal pressure was raised as high as 50 mmH2O, spikes suddenly happened to be abolished, whereas slow waves appeared successively as before, although the waves became shallower and little more frequently than before, the summit of the waves being supposed to be always under the firing level (FIG. 10AS) . When the pressure was subsequently slightly higher than before, the spikes appeared again (FIG. 10A) . Incidentally, the slow waves such as just described could be frequently seen when the pressure-raising produced a depolarization close upon the firing level, FIGS. 1 and 10B being the examples.
Electrical activities under the isometric condition.
As is obvious from the above, when the intraluminal pressure of the loop was raised as high as 20mm H2O, usually the slow depolarization waves superimposed with spikes appeared recurrently with a regular time interval, as shown in FIG. 11A . When the vinyl tube connecting the intestinal loop with the pressure bottle was then clamped at the end of the relaxation phase to cause the loop to contract isometrically, the periodicity of the slow waves was instantaneously abolished and spikes were continually produced with a rate of 6-7/sec, while the firing level being kept fairly constant (FIG. 11B) . however, the LADP was developed in excess, so that the initiation of spikes was prevented, as shown in FIG. 12F . When atropine was then added to the bath, the development of LADP was suppressed, resulting in the decrease of the number of spikes, until they were completely abolished. Ample evidences were obtained to prove that acetylcholine facilitates the induction of the phenomena described in 4). For instance, when the loop was 
b) Nicotine
When nicotine, a ganglion blocking agent, was added to the bath to obtain the concentration of 10-4g/ml it was noted that in some instances , as shown in FIG. 14B and C, with increase in the pressure a depolarization slowly developed, but the minute oscillations superimposed on it were reduced, the degree of reduction being the greater, the longer the time elapsed after the application of the drug. When the depolarization reached the firing level , the spikes were produced, but the number of spikes became less than that produced before the application of the drug, as shown in FIG. 14B and C .
In other cases the application of nicotine in a concentration of 10-4g/ml , there could be observed a slowly increasing depolarization , which was, however, lacking in both oscillations and spikes , as shown in FIG. 15. A B FIG. 16 . The influence of atropine upon the electrical activities of guinea-pig jejunum.
A: The course of the changes of electrical activities recorded with the intraluminal pressure was raised as high as 15mm H2O (control). B: Three minutes after application of atropine the LADP was remarkably reduced .
FIG.
17. 
DISCUSSIONS
The method utilized in the present experiments enabled one to observe the course of changes of electrical activities occurring when the excitability of the intestinal muscle is gradually increased as high as a critical level at whic pulsations can be produced: When the rise of excitability of the intestinal muscle, the depolarization of the muscle cell membrane is gradually increased, being superimposed with minute oscillations which can be summed up to become larger fluctuations or waves. And when the peak of the wave reaches the firing level, the spike is produced.
The spike contributes to the further development of the slow wave in a way described below: The spike is successively followed by the initial after-hyperpolarization (IAHP), the late af terdepolarization (LADP) and the delayed after-hyperpolarization (DAHP), the last named one soon turning to the phase of an increasing depolarization, prepotential (PP), until it culminates in producing a spike again. If spikes are abolished by lowering the pressure, the waves become smaller in their amplitude and shorter in their period, until they are reduced to minut e oscillations.
In short, the fluctuations of depolarization, ranging from slow waves to minute oscillations, may essentially be of the same nature.
The results of the present experiments indicate that the fluctuations of depolarization are enhanced in their development by raising the intraluminal pressure of, or applying acetylcholine to the intestinal loop, whereas they are suppressed by lowering the pressure of, or applying nicotine as well as atropine to the loop. And it is worthy to note that the former measure accelerate the rise of PP and enhance the development of LADP, contributing to frequent elicitation of spikes. Since the pressure-raising can eventually be regarded as a factor which enhances the release of acetylcholine (HUKUHARA and FUKUDA17), 1965), the facts described above thus suggest that acetylcholine plays an important role in initiating the fluctuations.
It is presumed that the greater the amount of acetylcholine is released from its source, intramural nervous elements, the larger is the amplitude of the fluctuations, and that the greater the amplitude of the fluctuations, the higher is excitability of the intestinal muscle. In addition, HUKUHARA et al.18)(1965) recently showed that acetylcholine released from intramural nervous elements was responsible for maintaining the rhythmic contractions of the small intestine.
Moreover, the evidences have been obtained that the potentials which precede to and follow the spike intimately correlate with the release of acetylcholine: GILLESPIE14) (1962), GILLESPIE and MACK15) (1964) and BENNETT') (1966) showed that the stimulation of intestinal cholinergic nerves brought about a remarkable development of both the pre-and after-potentials in the guinea-pig taenia coli as well as in rabbit distal colon. In the superior cervical ganglion of turtle the spike potential was followed by prolonged late negative wave (1961) ; much attention has been called to the slow wave. However, the aspect and genesis of the wave has been the subject of controversy.
For example, the slow waves which were extracellularly detected varied in their type from investigator to investigator, so that one can not have a definite notion regarding the pattern of the slow wave . Furthermore, as regards at what phase the spikes appear no consistent opinion can be had among various investigators.
BORTOFF and DANIEL et al. who recorded intracellularly the electrical activity of the small intestine showed that the spikes are initiated when the slow waves reach the critical level, and the latter, furthermore, showed that the repolarization which followed the spike is in creased in its degree more than that observed when no spike is produced. Further analysis of the course of the slow wave has, however , not been carried out.
Many investigators who worked on the strip preparations of taenia coli, for instance, BULBRINGs) (1954) did not observe the slow depolarization waves superimposed with spikes. However, GILLESPIE14) (1962) pointed out that the lack of the slow waves could be attributed to the strong tention given to the muscle strips concerned.
In the present experiments more evidence which favored GILLESPIE'S contention, have been obtained:
In the isotonic condition the slow waves are usual occurrences, whereas in the isometric condition they can be completely abolished, spikes being continually produced.
It is presumed that in the isometric condition the contraction develops a considerable tention, which in turn can stimulate the muscle to discharge continually.
In addition, in the present experiments we have not yet dealt with the problem whether the slow waves could be detected solely from the longitudinal muscle5,22), or from both the longitudinal and the circular muscles.
